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ABSTRACT

The present study was conducted to evaluateFt0@combinant inbred lines (RILg)erived from a cross between
resistant and susceptibbeead wheatandracedor loose smutcaused byJstilago tritici. Bulked segregant analysis
(BSA) was also used to identify simple sequence repeats (SSR) markers associated with the resistance to loose smut.
The artificial inoculation was repeated twice through tvguaessive season@017/2018 and 208/2019 under
greenhouse conditionand response of tested genotypeagainst loose smuivere evaluatedn 2018/2019 and
2019/2020seasonsHighly significant differencesR<0.01) wereobservedfor loose smut incidencamongthe tested
RILs, indicatinga considerablegyeneticvariation.On average, loose smut incidence (LS| %) oftdstedRILs ranged
from 0% in RIL-64 to 97.5% in RIL74 and RIL93, with an average of 47.5%ut of 100 RILs, the RIt64 was
considered aan immune genotype (nho symptoms were observed on any, fiht) 3, RIL-16, RIL-27 and RIL37
were highly resistanfLSI= 5.0, 5.0, 2.5, 2%, respectively)and RIL-2, RIL-50 and RIL96 were resistanto loose
smut (LSI= 7.5, 7.5 and 10.0%, respectivelpuggestinghe usefulnessof these genotypefor developing wheat
varieties resistant to loose smBSA with forty two SSRsmarkersidentified five positive allelegenerated by
Xgwm181B, Xgwm952A, Xgwm2942A, Xgwm1865A and Xgwm2935A markersthat were associated witloose
smutresistance in the tested populatisnggestinghat several loci could be contributed to loose smut resistance in
wheat.Howeverfurther studiesarestill required to confirm usefulness$ these markerig breeding programs

KEYWORDS: Bread wheatl.oose smutlstilago tritici, Disease resistancBulked Segregant Analysis,
SSRs

1. INTRODUCTION fungi have been difficult to control with
Loose smut of wheat is a seedrne disease surfacegfungicidetreatments Therefore, resistant

caused by the fungusstilago tritici (Kumar et al, Wheatgenotypesiavebeen long used a effective
2018 Chakrabortyet al, 202)). It is considered as a method for loose smut management in wheat
common diseasi differentwheatgrowing regions (Nielsen, 1983).Furthermore the development of
worldwide causingsignificant reductios of wheat resistant cultivars is nsd desirable as an
productivity (Thambugalaet al, 2020). In Egypt, €nvironmentfriendly strategyfor management of
loose smut is ranked as the second serious disetl¥® disease(Menzies, 2008)The infected seed as
infecting wheat following rusts, andit is also Well as the infected plant cannot be distisped
considered as disease of economic importasite from a healthy one until the head (spike) starts to
to its negativeeffects on grain yield and quality of emerge. Unlike,dose smut can be easily recognized
wheat(Gadet al, 2019).The pathogen remairas a at the stage of spike emergence as individual grains
dormant mycelium within themature seedand arecompletely replacedith masgsof black fungal
germinates with germinating seed#fter seed sporegKumaret al, 2018).
germination, the mycelium grows in the crown node Interestingly, it has been reported that the
and later invades inflorescendssuieqYadavet al, loose smutesistancén wheatmight be inherited as
2020) The pathogens develagystemically in the @ qualitative or a quantitative trafKnox et al,
host plant during growth of the plarind finallythe 2014). However, dferent gene actions were
spike floral tissues of the infected plaatereplaced reported in wheat, which were depending on the
with black masses of teliospores, causing Studied variegs and the pathogens (Nielsen and
significantyield reduction (Kumaet al, 2018). Thomas, 1996; Knox and Menzies, 2012). The
Sinceloose smupathogerremains dormant additive gene actions were revealed in most cases,

in the mature seed (Yadaat al, 2020) the smut and the duplicate complementary actiordiferent
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genes was also detectd®yukov and Porotkin, seasons, ancevaluating responses ofinoculated
2015) Multiple genedor loose smut resistand®ve wheat genotypeagainst loose smut was carried out
been previously identified on different wheat during2018/2019 and 2019/202@asons.
chromosomegKnox et al, 2002; Mcintosh et al,
2013; Kassaet al, 2014; Syukov et al, 2015).
Different major genes wer@sofound to be located Theatrtificial inoculation of tested RILs with
on different wheat chromosomes (Knox and U. tritici was carried out in the greenhouse following
Menzies, 2012)ln addition,severaluantitative trait Kumar et al. (2018). In brief, twenty seeds of each
loci (QTLs) governingloose smut resistanosere RIL were sown on a normal sowinlgtein sterilized
previouslymappedon different wheat chromosomespots (25 cm in diameter) containing a peat/sand
by using molecular marker§ ¢or et al, 2013; Knox mixture following a randomized complete black
et al.,2014;Kumar et al, 2018; Thambugalat al, design (RCBD) with four replicates (pots) for each
2020). RIL. Syringe technique of spore inoculation was
The association between SSR markers antsed at the mi@dnthesiof wheat plants. A
genes controllingloose smutresistance has beenteliospore suspeion of U. tritici was preparedl@
reported in wheatRandhawaet al, 2009; Knoxet of teliospores/IL of distilled water).On the morning
al., 2014; Kumaret al, 2018 Kumar et al, 202). al florets on each spike of grown plantswere
Bulked segregant analysis (BSA) developed hinoculated with the teliospore suspension using a
Michelmoreet al. (1991)has beemroven as a rapid hypodermic needleThe inoculated plants were
and efficient methodo identify moleculammarkers labeled and the spikes were harvestedt the
for important traits (Torregt al, 2010;Barakatet maturity and the grains weretored for disease
al., 2011 Hassaret al, 2016).In addition, BSA has assessmentin the next season For disease
been used to identify molecular markers associatassessmer{next seasonfwenty seeds of each RIL
with loose smut resistance in wheat (Kas$aal, collected from the previous season wsosvn on a
2014; Kassa et al, 2015). Since chromosomal normal sowing date in sterilidepots following a
locations of numerous SSR markers have be&{CBD with four replicates for each RILAt the
reportedin different speciesthe map locon of maturity, loose smut incidence (L$d) of each RIL
closely linkedQTLs can be determined using BSAwas determined following Kumaet al. (2018) and
without the need foigenotyping every individual in Thambugalaet al. (2020) as follows:
the populatiorfQuarrieet al, 1999) Number of smutted plants
Thereforejin the present study, a populatior LSI (%) =
of 100 Fg recombinant inbred lines (RILs) derived
from a cross betweetwo Egyptian bread wheat Thereactions of tested RILs against loose smut
landracesvere evaluated for the resistance to loos@ere assessdmhsed on the diseaBeidence(Mean
smut under greenhouse conditiofidie objectives LSI, averaged two years)sing therating scale
were (1) toassess theespomses of tested RILs adopted fromlyaset al (1990)as follows:
againstloose smut caused hystilago tritici; (2) to T LSI=0% : Immune(l);
identify resistantoreadwheat genotypeto be used  LSI=0.1to < &% : Highly resistan{HR);
in breeding programsand (3) toidertify SSR q LSI= 6 to<11% : Resistant (R);

2.2. Artificial infection and d isease assessment:

x 100

Total number of plants

markers associated withose smut resistance in theq | S|=11t0<21% : Moderately resistant
RIL population using BSA. (MR);
2 MATERIALS AND METHODS 1 LSI=21t0<31% : Moderately susceptible
_ (MS);
2.1. . Plant material and greenhouse f LSI=31to<51% : Susceptible (3)
experiments f LSI=51t0100% : Highly Susceptible (HS)

The plant material used irthis study
consisted of 1065 recombinant inbred lines (RILS)
of bread wheaTriticum aestivumL_.) which derived The data of LSI(%) of the tested RILsn
from a cross between two Egyptian landraces, qui#®18/19 and 2019/20 seasons were subjected to a
variable in their rsistance against loose smiithe combined analysisf variance (ANOVA) acrosthe
artificial infection and ealuation of tested RILs two environments deasons to test the
against loose smutwere carried out at the significanceof differences among genotypes (G) and
greenhouse ofDepartment of Plant Pathology, environments (E) and thesignificanceof GxE
Faculty of Agriculture, Assiut University, Egypt interaction.The significance of differences faSI
during three wheat growing seasonsThe artificial % was tested using Least Significant Difference
inoculation of the tested RILs with. tritici was (LSD) at 5% probability. The coefficient of variation
repeated twice through 2017/2018 and 2018/201%0) was calculatedPearson's correlation coefficient

2.3. Statistical analysis
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between LSI of the two yeswasalsoestimated difference(P<0.05) was also observedetween the
two environments. However, the genotyhss
environment interaction was naignificant (Table
To identify SSR markers associated witlR2). The frequencylistribution ofLSI (%) inthe 10Rg
loose smut resistance in specific genomic regionRILs population in 2018/2019 and 2019/20220
the K RILs population was subjected to BSAseasongFig.2) indicatd transgressive segregation
(Quarrieet al., 1999) witha total of fortytwo wheat of different genes controlling loose smugs
microsatellites or SSR primer pairs representing ghreviously reportedn wheat (Knox et al, 1999
wheat chromosomes of A, B and D genomes ®fumaret al, 2018).
wheat (Table 1)The highly resistantsevenRILs as A highly significant and positive correlation
well as the highly susceptiblseven RILs were wasobservedbetween LSI (%) of the two growing
selectedrom the kg RILs population based amean seasons (r= 86; P<0.01). On averagethe LS| of
LSI (averaged two yearsindused to construct two the RILs population ranged fron®®in RIL-64 to
DNA bulks for BSA.GenomicDNA extraction was 97.5%in RIL-74 and RIL93, with an average of
performed using Murray and Thompson (1980) 47.5% Based on the rating scale described by llyas
method Aliquots of DNA from each RIL in each et al (1990) out of 100 RILs evaluatedhe RIL-64
group were mixed to produceaesistant and was considered asan immune genotype n
susceptibleDNA bulks. Sequeces of SSR primers, symptoms were observed on any plaht)addition,
chromosomal locations and PCR conditions wer RILs were highly resistant(RIL-13, RIL-16, RIL-
obtained by the GrainGenBatabase 27 and RI-37) and3 RILs were resistanto loose
(http://wheat.pw.usda.gpv PCR amplifications smut (RIL-2, RIL-50 and RIL96). In addition 9
were performed in a Ser@aest LabCycler with RILs were moderatelyresistant, 13 RILs were
OnePCR master mix(GeneDireX, Ing. PCR moderately susceptible33 RILs were susceptible
products were separated on 2.5% agarose gelsaind 37 RILs were highly susceptibleo loose smut
TBE buffer (0.5 X). A 100bp DNA Ladder was usedTable 3).
to estimate the size of amplified DNA fragments In Egypt alarge number of wheat landraces
(bands). Ptative polymorphisms betweeresistant possessconsiderable genetic diversity including
and susceptiblbulks were detected f@achmarker resistance genes against different plant pathogens
3. RESULTS AND DISCUSSION The RiLs population evaluated in the present study
was derived from a cross betweémo Egyptian
A total of 100Fg RILs of bread wheatvere landracesquit variable in their resistance to loose
evaluated for their responses against loose sm#thut. In this regard it has been reported thatd
caused by Ustilago tritici under greenhouse varieties and local populationsr landracesare
conditions Phenotypic evaluation of loose smutvalugble genetic resourcdsr plant breederslue to
requires two successive seasons; the §iestsorto  their adaptability to marginal environmentnd
inoculatetested wheat genotypesath U. tritici, and higher resistance to pathogefsPi et rat alj Es k a
the second tcevaluate response of theoculated 2018).Unlike, the pure genotypes may lack the wide
plantsto the infection (Kumaet al, 2018).In the adaptation andthe diverse genetic background
present studythe artificial inoculation was repeatedalready present in landraces (Jaradat, 2013). Thus, it
twice during 2017/2018 and 2018/2019 seasons, agdof great importance to identify resistant genetic
the responseof testedRILs were evaluated for two resources from landraces to be used in wheat
years after each inoculatioDisease symptomsere breeding programs (Mahmouckt al, 2015).
easily detected at the spike emergenegestasthe Furthermorewheat landraces a potential source of
floral tissues of theinfected spike (head)were novel resistance gene$Sthapit et al, 2014).
completely replaced with masses of black spores, Bgveloping resistant wheat cultivarss also
shown in Fig.1. Consequently, e infected plant considered ashe most desirable and environment
produces smited headsinstead of grains,and friendly strategy for the disease management
therebyloose smut can cause significant reductior(Menzies, 2008)Therefore,RILs identified in the
of wheatgrain yield (Thambugal&t al, 2020) It present study asnmune, highly resistant as well as
has been reported thatetreductionin grain yieldis  resistant to loose smut may possess diverse
approximatelyequal to the percentage of smutted resistance gengsand therebycan be considered as
headson the plan{Gadet al, 2019). valuable genetic resources for developitigease
The combined ANOWA across the two resistant bread wheat varieties dingh breeding
environments (seasons) reveleayy significant programs.
differences P<0.01) forloose smut incidence (LSI In the present study, the RILs population
%) amongthetested RILs, indicatinthepresencef was subjected to bulkeskgregananalysis(BSA) to
a considerable geneticvariation. A significant  identify SSR markergor loose smutesistance.

2.4.Bulked segregant analysis (BSA)
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Table 1.Names, chromosomal locations, sequences of fomdaand reverse primers and annealing temperature
°C (Tm) of 42 SSR markers used for BSA.

Name Forward primer (5' - 3') Reverse primer (5'- 3) (Tog
Xgwm33-1A GGAGTCACACTTGTTTGTGCA CACTGCACACCTAACTACCTGC 60
Xgwm497-1A GTAGTGAAGACAAGGGCATT CCGAAAGTTGGGTGATATAC 55
Xgwm95-2A GATCAAACACACACCCCTCC AATGCAAAGTGAAAAACCCG 60
Xgwm2942A GGATTGGAGTTAAGAGAGAACCG GCAGAGTGATCAATGCCAGA 55
Xgwm3392A AATTTTCTTCCTCACTTATT AAACGAACAACCACTCAATC 50
Xgwm356-2A AGCGTTCTTGGGAATTAGAGA CCAATCAGCCTGCAACAAC 55
Xgwm1553A CAATCATTTCCCCCTCCC AATCATTGGAAATCCATATGCC 60
Xgwm1604A TTCAATTCAGTCTTGGCTTGG CTGCAGGAAAAAAAGTACACCC 55
Xgwm1l654A TGCAGTGGTCAGATGTTTCC CTTTTCTTTCAGATTGCGCC 60
Xgwm1865A GCAGAGCCTGGTTCAAAAAG CGCCTCTAGCGAGAGCTATG 60
Xgwm291:-5A CATCCCTACGCCACTCTGC AATGGTATCTATTCCGACCCG 60
Xgwm2925A TCACCGTGGTCACCGAC CCACCGAGCCGATAATGTAC 60
Xgwm2935A TACTGGTTCACATTGGTGCG TCGCCATCACTCGTTCAAG 55
Xbarc1865A GGAGTGTCGAGATGATGTGGAAAC CGCAGACGTCAGCAGCTCGAGAGG 60
Xgwm4536A ATGGAGTGGTCACACTTTGAA AGCTTCTCTGACCAACTTCTCG 55
Xbarc1136A GCGCACAACAACGGACACTTAACAAT GGGACTCATTTAGCTTCTACTCGCCATTA 50
Xgwm63-7A TCGACCTGATCGCCCCTA CGCCCTGGGTGATGAATAGT 60
Xwmc2737A AGTTATGTATTCTCTCGAGCCTG GGTAACCACTAGAGTATGTCCTT 50
Xwmc5967A TCAGCAACAAACATGCTCGG CCCGTGTAGGCGGTAGCTCTT 60
Xwmc6037A ACAAACGGTGACAATGCAAGGA CGCCTCTCTCGTAAGCCTCAC 60
Xbarc1217A ACTGATCAGCAATGTCAACTGAA CCGGTGTCTTTCCTAACGCTATG 50
Xgwm181B GGTTGCTGAAGAACCTTATTTAGG TGGCGCCATGATTGCATTATCTTC 50
Xgwm111-2B GTTGCACGACCTACAAAGCA ATCGCTCACTCACTATCGGG 55
Xgwm3833B ATCATGTCGATCTCCTTGACG TGCCATGCACATTAGCAGAT 60
Xgwm4933B TTCCCATAACTAAAACCGCG GGAACATCATTTCTGGACTTTG 60
Xgwmb5333B AAGGCGAATCAAACGGAATA GTTGCTTTAGGGGAAAAGCC 60
Xgwm566-3B TCTGTCTACCCATGGGATTTG CTGGCTTCGAGGTAAGCAAC 60
Xgwm1134B ATTCGAGGTTAGGAGGAAGAGG GAGGGTCGGCCTATAAGACC 55
Xgwm5134B ATCCGTAGCACCTACTGGTCA GGTCTGTTCATGCCACATTG 60
Xgwm4085B TCGATTTATTTGGGCCACTG GTATAATTCGTTCACAGCACGC 55
Xgwm626:6B GATCTAAAATGTTATTTTCTCTC TGACTATCAGCTAAACGTGT 50
Xwmc3986B GGAGATTGACCGAGTGGAT CGTGAGAGCGGTTCTTTG 60
Xgwm5777B ATGGCATAATTTGGTGAAATTG TGTTTCAAGCCCAACTTCTATT 55
Xgwm4581D TTCGCAATGTTGATTTGGC TTCGCAATGTTGATTTGGC 60
Xbarc2291D GGCCGCTGGGGATTGCTATGAT TCGGGATAAGGCAGACCACAT 55
Xgwm2612D CTCCCTGTACGCCTAAGGC CTCGCGCTACTAGCCATTG 55
Xgwm4842D ACATCGCTCTTCACAAACCC AGTTCCGGTCATGGCTAGG 55
Xwmc601:-2D ACAGAGGCATATGCAAAGGAGG CTTGTCTCTTTATCGAGGGTGG 60
Xgwm3-3D AATATCGCATCACTATCCCA AATATCGCATCACTATCCCA 55
Xgwm1905D GTGCTTGCTGAGCTATGAGTC GTGCCACGTGGTACCTTTG 60
Xgwm3256D TTTCTTCTGTCGTTCTCTTCCC TTTTTACGCGTCAACGACG 60
Xgwm4377D GATCAAGACTTTTGTATCTCTC GATGTCCAACAGTTAGCTTA 50
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Fig.1. Loose smut symptoms causedUistilagotritici on different RILs of bread wheat: (A, B and C) show floral parts
of different wheat spikes that were completely replaced by masses of black teliospores, (D) shows a RIL with no
symptoms on any plant (immune), and (E to 1) show RILs with difference lowsieirscidence.

Table 2. The combined ANOVA of loose smut incidence across two environments (2018/2019 and 2019/2020
seasons) in 100 RILs population of bread wheat.

Source of variance d.f Sum of squares Mean square
Environments (E) 1 1922.0 1922.0*
Replicates within E 6 1268.0 211.3
Genotypes (G) 99 631422.0 6378.0**
GxE interaction 99 43478.0 439.2
Pooled error 594 278932.0 469.6

* and ** indicate significant differences at 0.05 and 0.01 probability.
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Fig.2. Loose smuincidence(LSI %) of RILs used to create resistant (A) and susceptible (B) bulks for BSA.

Theimmune andighly resistant seven RILs resistanceRILs, while four allelesgenerated by the
showing the lowest LSI (%as well as the highly markers Xgwm98RA (146 by, Xgwm2942A (310

susceptibleseven RILs shoimg the highest LSI (%)

bp), Xgwm1865A (200bp) and Xgwm2936A (118

averagingtwo years were used to construct twdop)were associated witkusceptibleRILs (Table4).

DNA bulks for BSA.Mean LSlof the RILs used to
construct the resistamulk; namelyRIL-2, RIL-13,
RIL-16, RIL-27, RIL-37, RIL-50 and RIL-64 were
7.5, 5.0, 5.0, 2.5, 2.5, 7.5 and Pféspectively, with
an averge of 4.3%.Meanwhile, mean LSlof the
RILs used to construct trmusceptiblebulk; namely
RIL-1, RIL-9, RIL-23, RIL-55, RIL-74, RIL-84 and
RIL-93 were 95.0, 95.0, 92.5 95.0, 97.5, 95.0and
97.%%, respectively, with an average 0f95.4%
(Table 3; Figa).

The PCR assays with SSRmarkers

In accordanceBSA has been used by Kasstal.
(2014 andKassaet al. (2015) toidentify molecular
markers for loose smut resistance in wheat.
Furthermore, BSA has been widely used to identify
SSR markers associated with important traits (Torres
et al, 2010; Barakatet al, 2011 Hassanet al,
2016 Mahmoud and Hassan, 202The association
between SSR markers andenes or QTLs
controlling loose smut resistance has bealso
reported in wheatRandhawaet al, 2009; Knoxet

al.,, 2014; Kumaret al, 2018). Multiple genes

generated different number of bands (alleles) whiatontrolling loose smut resistance have been
were depending on the prinsansed, indicating the previously identified in wheat on different wheat

presence of allelic diversity among SSHERavi et

chromosomegKnox et al, 2002; Mcintosh et al.,

al., 2003 Ramet al, 2007).1t has been reported that2013; Kasseet al, 2014; Syukov et al, 2015). Of

such variationin the allelic diversityis due to

which, Utl and Ut2were found to be locatedn

several factors including the structure of primerchromosome 6AUt3 and Ut4 on 7B Ut5 on 2B,
usedand number of annealing sites in the genonUt6 on 5B,Ut7 on 7A,Ut8 on 3A Ut9 on 6B and

(Muralidharan and Wakeland993).

Out of forty two SSRsmarkersused with
BSA, five SSRs generatechine polymorphic bands,
which were able to distinguish thesistant from
susceptiblebulk (Fig4 to Fig.6). Of which, five

Ut10 on 6D(Knox and Menzies, 201dcintoshet
al., 2013; Kassaet al, 2014; Kasseet al, 2015
Knox et al, 2014;Syukovet al, 2015 Serfling et
al., 2017%. In addition, different QTLs governing
loose smut resistanceere previously mappedby

positive bands (allelesyenerated by the markersusing molecular markersn chromosomes 1B, 3A,

Xgwm181B (192 bp), Xgwm952A (160 bp,
Xgwm2942A (350bp), Xgwm1865A (188bp) and

3B, 4B, 5B, 6A, 6B, 6D, 7A and 7B of whe@toor
et al, 2013;Knox et al, 2014 Kumar et al, 2018;

Xgwm2935A (94 bp) were associated with the Thambugaleet al, 2020)
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Table 3. Response of 100gRILs against loose smut (averaged 2018/2019 and 2019/2020 seasons).

No. LSI (%) Reaction No. LSI (%) Reaction No. LSI (%) Reaction
1 95.0 HS 35 35.0 S 69 35.0 S
2 7.5 R 36 75.0 HS 70 32,5 S
3 27.5 MS 37 2.5 HR 71 82.5 HS
4 40.0 S 38 77.5 HS 72 25.0 MS
) 80.0 HS 39 20.0 MR 73 65.0 HS
6 35.0 S 40 125 MR 74 97.5 HS
7 80.0 HS 41 80.0 HS 75 92.5 HS
8 80.0 HS 42 60.0 HS 76 45.0 S
9 95.0 HS 43 45.0 S 77 40.0 S
10 90.0 HS 44 325 S 78 80.0 HS
11 77.5 HS 45 325 S 79 22.5 MS
12 17.5 MR 46 37.5 S 80 92.5 HS
13 5.0 HR 47 30.0 MS 81 27.5 MS
14 25.0 MS 48 42.5 S 82 25.0 MS
15 15.0 MR 49 45.0 S 83 52.5 HS
16 5.0 HR 50 7.5 R 84 95.0 HS
17 12.5 MR 51 75.0 HS 85 57.5 HS
18 30.0 MS 52 375 S 86 25.0 MS
19 27.5 MS 53 30.0 MS 87 15.0 MR
20 325 S 54 27.5 MS 88 50.0 S
21 85.0 HS 55 95.0 HS 89 325 S
22 85.0 HS 56 35.0 S 90 17.5 MR
23 92.5 HS S7 25.0 MS 91 15.0 MR
24 35.0 S 58 60.0 HS 92 92.5 HS
25 32.5 S 59 325 S 93 97.5 HS
26 40.0 S 60 47.5 S 94 65.0 HS
27 2.5 HR 61 37.5 S 95 70.0 HS
28 67.5 HS 62 37.5 S 96 10.0 R
29 325 S 63 325 S 97 80.0 HS
30 37.5 S 64 0.0 I 98 40.0 S
31 87.5 HS 65 67.5 HS 99 40.0 S
32 47.5 S 66 90.0 HS 100 15.0 MR
33 62.5 HS 67 425 S - - -
34 77.5 HS 68 425 S - - -

Mean LSI = 47.5%

LSD (0.05)= 6.0

Coefficient of Variation = 59.0%

In conclusion,the immune, highly resistant studyin markerassisted selectiofMAS) for loose
and resistant RILs identified in theurrent study smut resistance.
may possesdiverse resistance genes, and th_er_eb&/_ REFERENCES
could be used for developing wheat varieties
resistant to loose smim breeding programs. BSA Barakat MN, Al-Doss AA, Elshafei AA, Moustafa
detectedfive SSR markerslocated on different KA (2011). Identification of new microsatellite
wheat chromosomeshat could be considered asmarker linked to the grain filling rate as indicator for
markers associated witoose smutesistance in the heat tolerance genes in Wheat population. Aust. J.
tested populatign suggesting that different loci Crop Sci. 5(2): 104110.
could be contributed to tHeose smutresistance in
wheat. However, further studiesare required to
confirm the utility of SSRenarkersidentified in the
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Fig.3. Frequency distribution of LSI (%) in the RILs population in 2018/2019 (A) and 2019/2020 (B) seasons.
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Fig.4. PCR amplifications obtained using BSA withSSR markers. M: A 100bp DNA ladder, R: Resistant bulk
and S: susceptible bulk. Polymorphic bands were generated by the markers Xgwml8 and Xgwm95
2A. Arrows indicate polymorphic bands (alleles), which distinguished resistant from susceptible bulk.
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Fig.5. PCR amplifications obtained using BSA withSSR markers. M: A 100bp DNA ladder, R: Resistant bulk
and S: susceptible bulk. Polymorphic bands were generated by the markers Xgwm188 and Xgwm293
5A. Arrows indicate polymorphic bands (alleles), which dinguished resistant from susceptible bulk.

Table 4. Bands (alleles) detected for resistant arslisceptibleRILs using BSA.

Size of positive alleles (bp)

Marker Chromosomal location
Resistant Susceptible
Xgwm18 1B (+) 192 -
Xgwm95 2A (+) 160 (+) 146
Xgwm294 2A (+) 350 (+) 310
Xgwm186 5A (+) 188 (+) 200
Xgwm293 5A (+) 94 (+) 118

(+) indicates a presence of a specific band (positive allele) fetlby its size (bp).
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